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INTRODUCTION 

One  of  the  most  useful  technical  advances  In  the  routine 
experimental  use  of  Neurospora  was  made  by  latum,  Barratt,  and 
Cutter  (1949),  who  were  able  to  demonstrate  that  Neurospora  could 
be  Induced  to  grow  In  the  form  of  a  colony  by  supplementing  the 
culture  medium  with  0,1  percent  sucrose  and  one  percent  sorbose. 
This  method  of  handling  Neurospora  has  enabled  the  investigator 
to  utilize  many  bacteriological  plating  methods  in  a  variety  of 
experimental  approaches  to  different  problems  never  before  possi- 
ble with  Neurospora.  Although  the  colonizing  properties  of  sorbose 
adversely  affect  the  normal  growth  of  the  organism,  under  appro- 
priate conditions  most  strains  maintain  a  very  high  degree  of 
viability  when  conidia  are  plated  on  a  medium  containing  sorbose. 

Recently  In  a  routine  attempt  to  recover  Inositol- requiring 
heterokaryon  compatible  Isolates  from  the  progeny  of  a  cross  of 
inos  a.  x  nic-1  aI-2  £,  it  was  noted  that  approximately  half  of 
the  Inositol- requiring  progeny  of  the  cross  accumulated  a  dark 
brown  pigment  in  the  culture  medium,  while  the  remaining  half  did 
not.  Subsequent  tests  of  these  cultures  revealed  that  those 
isolates  with  the  brown  accumulation  failed  to  form  colonies  when 
the  conidia  were  plated  on  medium  containing  sorbose  and  sucrose, 
while  the  normal-appearing  Isolates  produced  conidial  colonies  In 
the  expected  numbers.  The  nicotinic  acld-requlring  isolates  from 
the  cross  did  not  show  the  brown  accumulation,  but  these  strains 
when  plated  also  segregated  for  the  ability  to  form  colonies  on 
sorbose-supplemented  medium.  This  inability  of  the  conidia  of 
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certain  strains  to  germinate  and  form  colonies  on  sorbose  media 
had  never  before  been  encountered  in  this  laboratory,  The 
segregation  of  the  characteristic  among  the  progeny  of  the  cross 
suggested  that  it  had  a  genetic  basis. 

It  has  been  proposed  with  convincing  evidence  (de  Serres,  et 
al.,  1962)  that  the  inability  of  wild  type  74A  conidia  to  form 
colonies  on  medium  containing  one  percent  sorbose  and  0.1  percent 
sucrose  is  positively  correlated  with  the  length  of  time  the  medi- 
um has  been  autoclaved,  tine  conidlal  colony- forming  ability  being 
in  fact  a  reflection  of  the  degree  to  which  sucrose  has  been 
hydrolyzed  to  glucose  and  fructose.  The  autoclaving  time  rou- 
tinely utilized  in  this  laboratory  is  sufficient  to  obtain  good 
conidlal  recovery  of  the  nutritionally-deficient  and  wild  type 
strains  regularly  studied.  With  de  Serres*  work  in  mind,  Isolates 
from  the  afore-mentioned  cross  were  plated  on  sorbose  medium 
supplemented  with  glucose.  Those  mutant  strains  incapable  of 
forming  conidlal  colonies  on  sorbose  medium  containing  0,1  per- 
cent sucrose  were  fully  capable  of  forming  the  expected  number 
of  conidlal  colonies  on  sorbose  medium  supplemented  with  0.02 
percent  glucose.  Exploratory  experiments  designed  to  determine 
what  particular  component  of  the  sucrose-oorbose  medium  had  an 
Inhibitory  effect  on  these  mutant  strains  revealed  a  variety  of 
experimental  conditions  that  affected  the  colony- forming  ability 
of  both  mutant  and  standard  wild  type  strains.  The  sensitivity 
of  the  mutant  strains  was  such  that  it  permitted  the  detection 
of  a  whole  set  of  variables  never  previously  suspected  of  affect- 


lug  colony- forming  anility. 

It  ia  important  to  boar  in  mind  throughout  the  presentation 
that  this  study  deals  principally  with  a  mutant  strain  character- 
ised by  an  impaired  or  totally  lacking  function  for  the  utiliza- 
tion of  the  usual  one  percent  sorbose,  0.1  percent  sucrose  plating: 
medium.  The  inhibitory  effect,  defined  as  the  inability  of  a 
strain  to  produce  conidial  colonies  on  suerose-sorbose-agar 
medium,  has  been  found  to  be  compounded  of  the  three  principal 
in  ;red lent s  of  the  plating  medium:  sucrose,  sorbose,  and  agar. 
All  must  be  autoclaved  together  at  the  prescribed  levels  to  effect 
inhibition.  Alteration  of  the  levels  of  sucrose,  sorbose,  or  agar 
in  the  proper  direction  can  relieve  inhibition  of  the  mutant  form. 
It  has  also  been  observed  that  separate  autoclaving  of  certain 
of  these  ingredients  or  the  complete  elimination  of  certain  of 
them  from  the  medium  can  greatly  increase  the  colony-forming 
efficiency  of  the  mutant  strain.  Agar  has  been  reduced  to  its 
basic  Inhibitory  condition  by  dialysis  and  chromatographic  separa- 
tion of  the  components,  Comparison  of  mutant  reactions  to  three 
different  media,  Vestergaard's,  Fries'  and  Vogel's,  and  an  expla- 
nation for  the  unexpected  differences  in  colony-form  in'/  efficien- 
cy on  these  three  media  have  been  presented.  The  effect  of 
saturating  the  inhibitory  medium  with  living  conidial  and  mycelial 
material  with  the  subsequent  relief  of  Inhibition  of  the  mutant 
strain  lias  been  illustrated.  All  of  these  considerations  have 
some  influence  on  the  basic  mutant  inhibitory  reaction  to 
sucrose- sorbose-agar  medium. 


The  basic  problem  concerns  the  Inability  of  the  mutant  form 
to  utilize  normal  one  percent  sorbose,  0.1  percent  sucrose,  two 
percent  agar  medium.  The  resolution  of  this  problem  apparently 
lies  in  one  of  two  realms t   1)  either  inhibition  of  the  mutant 
strain  is  due  to  non-availability  of  sufficient  utillzable  car- 
bon sources,  as  a  result  of  sucrose  hydrolysis  products'  being 
unavailable  or  being  produced  at  Insufficient  levels,  or  2)  an 
inhibitory  product  is  formed  during  autoclaving  of  the  medium 
which  prevents  the  mutant's  utilization  of  available  carbon 
sources.  The  reader  is  entreated  to  bear  in  mind  that  neither  of 
the  above  conditions  applies  noticeably  to  a  variety  of  standard 
wild  type  or  nutritionally-deficient  strains.  Only  the  mutant 
type  evidences  this  particular  sensitivity.  Throughout  this 
presentation  an  attempt  will  be  made  to  compare  the  reactions  of 
the  mutant  strain  to  the  reactions  of  normal  strains.  It  will  be 
emphasized  that  a  strain  carrying  the  mutation  is  simply  a  more 
sensitive  indicator  of  sub-maximal  media  conditions,  and  that  the 
normal  strain  is  often  also  affected,  but  to  a  much  lesser  degree, 
by  the  same  adverse  conditions. 

A  somewhat  analogous  inhibition  has  been  reported  with 
pollovirus  (Tai-.emori  and  Nomura*  i960)  and  EMC  virus  (Taltemoto 
and  Llebhaber,  1961).   Two  different  viral  classes  have  been 
described,  one  class  sensitive  (morphologically)  to  agar  over- 
lay, and  one  class  unaffected  (or  even  stimulated)  by  agar  medium. 
The  overall  effect  is  comparable  to  the  present  Neurospora  inhibi- 
tory effect.  Dissimilarities  will  be  noted  in  the  discussion. 
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MATERIALS  AND  METHODS 

The  medium  roost  extensively  employed  In  this  study  Is  com- 
monly referred  to  aa  Veotergaard's  synthetic  rredium  (Vestergaard 
and  Mitchell,  1947)  and  was  prepared  by  adding  the  following 
chemical  components  to  one  liter  of  distilled  water:  1  g,  KNOj, 
1  g.  KH2P04,  0.5  g.  HeS04*7H20,  0.1  g.  NaCl,  0.1  g.  CaCl2,  10 
^g.  biotin,  and  approximately  20  rag.  mineral  trace  elements  In 
solution.  Other  media  used  were  Pries'  synthetic  medium  (Horowitz 
and  Beadle,  194?)  and  Vogel's  synthetic  medium  (Vogel,  1956). 
The  standard  medium,  henceforth  referred  to  as  sucrose- sorbose- 
agar  or  glucese-sorbose-agar  medium,  was  prepared  by  supplement- 
ing the  basal  salts  solution  of  Westergaard  with  five/xg.  inosi- 
tol per  ml.,  one  percent  sorbose  (pfanstlehl  Chemical  Co.,  Lot 
No.  4567),  0.1  percent  sucrose  or  0.02  percent  glucose,  and  two 
percent  agar  (Dlfco  Bacto-Agar,  Control  Nos.  452452  and  454376), 
and  autoclaving  all  components  together  at  18  lb.  pressure  for 
15  minutes,  although  many  variations  from  this  standard  will  be 
noted.  To  effect  separation  of  components  during  autoclaving, 
various  portions  of  the  medium  were  prepared  double- strength, 
autoclaved  separately,  and  combined  after  autoclaving.  In  the 
tables  and  manuscript,  brackets  around  certain  components  of  the 
medium  Indicate  that  these  were  autoolaved  separately  and  then 
combined.  For  example,  (agar  4  sorbose)  +  (salts  +  ucrose) 
indicates  that  a  four  percent  agar  and  two  percent  sorbose  solu- 
tion wa3  autoclaved  separately  from  a  double-strength  salts  and 
0,2  percent  sucrose  solution}  the  two  solutions  were  then  combin- 


ed  after  autoclaving  to  return  the  concentration  to  normal. 
Unless  otherwise  stated  media  were  autcclaved  at  18  lb,  pressure 
for  15  minutes.  In  all  cases,  plating  of  conidia  was  accomplish- 
ed by  expelling  one  ml.  of  conidial  suspension  into  two  ml*  of 
melted  ovorplating  medium  (one  percent  agar  in  distilled  water), 
and  overlayerlng  this  on  solid  agar  test  medium  (approximately 
20  ml. )  in  petri  dishes.  Plates  were  incubated  four  to  five  days 
at  30°C  before  scoring.  Routinely  media  were  prepared  in  100-rnl. 
lots.  From  this  five  plates  were  poured,  two  of  which  were  over- 
plated  with  a  conidial  suspension  of  the  control  strain  inos-^,  and 
three  with  a  conidial  suspension  of  the  mutant  strain  lnos-S. 

The  principal  strains  utilized  in  this  study  were  obtained 
by  crossing  a  nlo-1,  al-2  A  strain  to  an  inos  a.  isolate  procured 
from  Dr.  Laura  Garnjobst.  Other  strains  used  were  joan-1  §1-1  £M 
and  pan-2  ad-8  £&.  The  nan-1  allele  used  in  these  studies  was 
5531 t.  the  nic-1  allele  was  3416,  the  inos  allele  was  37*01,  and 
al-1  and  aJ.-2  were  4637T  and  15300,  respectively  (Barratt, 
Newmeyer,  Perkins  and  Garajobst,  195*).  The  .pan-2  allele  was 
isolated  and  described  by  Case  and  Giles  (1958),  and  the  ad-8 
allele  was  Isolated  and  described  by  Ishlkawa  (I960). 

Agar  dialysate  was  prepared  by  dialyzlng  ten  g.  moistened 
agar  against  250  ml.  distilled  water  for  24  hours.   The  dialysate 
was  concentrated  to  the  indicated  levels  by  evaporation,  either 
at  60°0  or  100°C.  Agar  extracts  were  prepared  by  freezing  the 
solidified  agar  overnight,  thawing  at  room  temperature,  and 
expelling  the  liquid  by  straining  the  agar  through  a  triple  layer 
of  cheesecloth  while  exerting  a  small  amount  of  pressure.  Agar 


was  washed  by  adding  about  50X  a  ount  of  water,  allowing  agar  to 
settle,  decanting  the  liquid  supernatent,  adding  more  water,  and 
repeating  the  process  a  minimum  of  20  times.  The  last  five  wash* 
ings  were  done  with  distilled  water.  Supernatent  from  washed 
agar  refers  to  the  liquid  deoanted  from  the  first  wasiiln  . 

Initially,  hemocytometer  counts  were  made  to  determine  the 
numbers  of  conidia  plated.  It  was  soon  discovered  that  in  each 
experiment  nearly  100  percent  of  the  conidia  plated  formed  visible 
colonies  under  at  least  one  condition  of  variability  employed  in 
preparation  of  the  plating  medium,  so  hemocytometer  determina- 
tions were  discontinued,  The  colony-forming  efficiency  of  a 
strain  is  defined  as  the  proportion  of  conidia  capable  of  forming 
visible  colonies  on  a  test  medium  compared  to  the  number  of 
colonies  formed  under  the  optimal  medium  conditions  employed  in 
that  experiment.   In  most  cases  these  optimum  conditions  were 
obtained  when  glucose  was  incorporated  into  the  test  medium. 

The  chromatography  technique  utilized  for  the  detection  of 
the  presence  of  reducing  sugars  is  described  by  Felgl  (1954). 
The  ascending  method  was  elected,  and  paper  cylinders  were  sub- 
jected to  three  or  four  eight-hour  passages  in  water-saturated 
butanol  at  room  temperature.  Spots  were  developed  by  passing  the 
paper  through  the  following;  three  solutions!  1)  silver  nitrate- 
saturated  acetate,  2)  0,4  percent  sodium  hydroxide  in  methanol, 
and  3)  ten  percent  sodium  thiosulfate.  vrnatraan  Ho,  1  chromato- 
graphy paper  was  routinely  used.   For  extractions,  Ifriatman  Ho.  17 
or  v/hatman  5  KK  was  used,  in  which  case  the  test  solution  was  put 
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on  the  filter  paper  in  a  line  the  lewth  of  the  paper  (rather 
than  merely  a  spot).  After  three  passages  through  the  solvent, 
a  one-half  inch  vertical  paper  strip  was  developed.  From  the 
location  of  bands  on  the  strip,  bands  vrere  marked  across  the 
paper,  cut  out,  and  extracted  in  a  measured  amount  of  distilled 
water  by  soaking  the  paper  bands  in  water  at  100°C  for  30  min- 
utes. Concurrent  extractions  of  non-treated  solutions  attested 
to  the  efficacy  of  tMs  extraction  procedure. 

•  '   RESULTS 

Two  inositolless  isolates  from  the  cross  of  inos  a  x  .nlc-1 
al-2  A  were  selected  to  be  used  throughout  this  investigation. 
One  of  these  isolates,  inos-8,  carries  a  mutant  gene  whose  pheno- 
type  Is  characterized  by  its  inability  to  utilize  sucr-ose-sorbose- 
agar  medium.  The  other  isolate,  lnos-9»  is  characteristic  of 
strains  not  carrying  the  mutant  and  x->ossessinc  the  normal  faculty 
for  utilization  of  sucrose- sorbose-agar  medium.  As  such,  future 
reference  to  inos-8  and  to  lnos-9  will  assume  reference  to  the 
mutant  form  and  to  the  normal  form  respectively. 

Sheer  trial-ano-error  experimentation  led  to  perhaps  the 
most  important  clue  to  lnos-8's  inability  to  grow  on  sucrose- 
sorbose-agar  ffiediuffi.  When  agar  was  autoclavcd  separately  from 
the  salts-sucrose-sorbose  portion  of  the  medium,  the  viability  of 
inos-8  conidiia  was  greatly  increased,  as  shown  in  Table  1.  Note 
that  the  colony-forming  efficiency  of  lnos-9  was  somewhat  reduced 
by  Westergaard's  medium  in  which  all  components  were  autoclaved 


together,  This  lnoB-9  response  to  suerose-sorbose-agar  medium 

Table  1.  Bumber  of  conidia  of  lnos-8  and  lnos-9  forming, 
colonies  on  medium  In  which  agar  was  autoclaved 
separately  from  other  components  of  the  medium. 

as5t;::':i:;:,r:t;T:r.',s::,;..".'..LJ-sj.Tr5^:s".^i,i'..":'.T" 


Msthod  of  rpedia  preparation  i  dumber  of  conidia  formlnr  colonies* 

t  inos-8  I         inoe-9 

I  I        I  I        I  I  I  I  ■  ■  ■■■■■  — J— «^JJ ■— MM, II. 

(salts  +  sorbose  +  sucrose  +  agar)     0  1*6 

(salts  -f  sorbose  +  sucrose )  +  Taaar)  165  SOP 

•Average  of  three  plate  counts  for  lnos-8  and  tod  for  lnos-9,. 

has  resulted  In  recovery  ranging  from  47  to  97  percent  in  differ- 
ent experiments,  with  the  usual  efficiency  ranging  from  80  to 
90  percent.  The  more  Important  increased  colony- forming  effi- 
ciency of  inog-8  on  medium  In  which  the  agar  was  autoclaved 
separately  led  It  further  gurgling  of  components  of  the  medium 
in  an  attempt  to  more  closely  characterize  the  inhibitory  effect. 

The  Inhibitory  Effect 

The  inhibitory  effect  is  one  compounded  of  three  principal 
>onents  of  routine  plating  medium}  sorbose,  sucrose,  and  agar. 
These  components  can  be  varied  individually,  and  their  separate 
effects  ascertained,  but  in  the  final  analysis  all  must  be  pres- 
ent at  the  prescribed  levels,  and  all  must  be  autoclaved  together 
to  effect. inhibition.  The  individual  effects,  insofar  as  it  is 
possible  to  segregate  them  from  the  whole,  are  noted  below. 

The  Sucrose  Effect.  When  tne  amount  of  sucrose  in  the 
sucrose- sorbose-agar  plating  medium  was  varied  from  0.1  percent 
to  one  percent,  the  inhibitory  effect  on  inos-8  was  removed,  even 
though  all  components  of  the  medium  were  autoclaved  together. 
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Snploying  a  constant  two  percent  agar  and  one  percent  sorbose 
level,  the  colony-forming  response  of  lnos-8  and  inos-9  to 
Increasing  sucrose  levels  is  summarized  in  Fig,  1.  The  increased 
viability  of  lnos-9  is  analogous  to  data  presented  by  de  Serres, 
et  al,  (1962),  In  which  a  constant  0,1  percent  sucrose  level 
was  maintained,  and  increased  viability  of  wild  type  74a.  conidia 
was  proportional  to  increased  autoclavlng  time  of  the  medium. 

Chromatographic  determinations  of  non-autoclaved  and  auto- 
claved  sucrose  in  water,  with  appropriate  glucose  and  fructose 
controls,  showed  a  single  cucrose  spot  in  the  former,  and  sucrose 
plus  fructose  and  glucose  in  the  latter.  No  indication  of 
sucrose  contamination  or  formation  of  additional  products  during 
autoclavlng,  other  than  glucose  and  fructose,  was  obtained. 

The  Sorbose  Effect.  By   decreasing  the  sorbose  in  sucrose- 
sorbose-agar  medium  from  one  percent  to  0.25  percent,  while 
maintaining  a  constant  0,1  percent  sucrose  and  two  percent  agar 
level,  the  inhibitory  effect  on  lnos-6  was  again  removed,  as 
noted  in  Fig,  2,  lnos-8  was  highly  sensitive  to  the  normal 
sorbose  level  of  one  percent, 

Non-autoclaved  sorbose  produced  a  single  spot  when  it  was 
chromatographed,  indicating  that  there  was  no  contamination  by 
reducing  sugars.  Sorbose  autoclaved  in  water,  however,  produced, 
in  addition  to  the  sorbose  spot,  a  trail  of  four  indistinct  spots 
across  the  chromatogram,  indicating  that  it  was  partially  altered 
during  autoclavlng  into  substances  which  gave  a  positive  reaction 
to  the  test  for  reducing  sugars. 


at         0.*         £3         Of         0:5         Ob  6.7        08         0$         /.0 

%  sucrose  autoclaved  with  salts-sorbose-agar 


o 


to  a- 6 

"i '  ■>■■■     — 

inos-9  data  from  other  experiments,  fheae  points  added  to 
indicate  that  inoa-9  efficiency  on  0.1$  sucrose-sorbose-agar 
medium  in  this  experiment  was  the  lowest  ever  obtained. 


Pip;.  1.  Colony-forminp-  efficiency  of  jnos-8  and  jnos-9 

on  Westerpasrd f s  medium  with  constant  \%   sorbose, 
2%   apar,  and  varying  amounts  of  sucrose. 
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Fig.  2.  Colony- forming  efficiency  of  inos-8  and  lnos-9 

on  Vestergaard ' s  raedluas  with  constant  0.1$  sucrose, 
2%  agar,  and  varying  amounts  of  sorbose. 
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The  Agar  Effect,  When  the  agar  level  was  decreased  to 
practically  zero,  lnoa-S  was  capable  of  Increased  colony-forming 
efficiency,  as  indicated  in  fig,  3.  Notice  that  inos-9  was  also 
somewhat  inhibited  by  two  percent  agar.   The  obvious  technical 
difficulty  of  too  little  agar  for  solidification  was  overcome  by 
autoclavlng  the  necessary  amount  of  agar  to  bring  the  total  level 
to  two  percent  separately  and  double-strength  in  water.  This 
was  combined,  after  autoclavlng,  with  double- strength  sucrose- 
sorbose-agar,  bringing  the  final  concentration  of  agar  autoclaved 
with  the  sugars  and  salts  to  that  indicated  in  Pig,  3. 

The  results  of  chromatograpbing  agar  will  be  noted  later. 

Agar 

Dialy-'  ;  and  Chroaator  -  7*      It  baa  previously  been  shown 
(Fig.  3)  that  inos-8  is  extremely  sensitive  to  even  low  concen- 
trations of  agar  autoclaved  with  sucrose  end  sorbose.  The 
question  arose  as  to  whether  any  inhibitory  agent  could  be  re- 
moved from  the  agar.   In  an  attest  to  obtain  a  more  purified  agar 
Bacto-Agar  washed  up  to  50  times,  Difco  Purified  Agar,  and 
lonagar  (Consolidated  Laboratories,  Inc.)  were  used  as  agar 
sources  in  the  medium,  Kcne  of  those  was  capable  of  appreciably 
relieving  the  inhibitory  effect,  although  thoroughly  washed 
Bacto-A'--°r  increased  reccvtr;  of  inos-8  conidla  from  zero  to  ten 
percent.  This  latter  information  led  to  an  investigation  of  the 
water- soluble  portion  of  Bacto-Agar,  The  fact  that  washed  agar 
had  less  inhibitory  effect  suggested  that  either  some  soluble 


15 


contaminant  of  agar  or  some  component  of  agar  itself  was  the 
inhibitor  substance. 

Agar  Is  known  to  be  a  sulfuric  acid  ester  of  a  linear  poly- 
galactose  with  a  ratio  of  nine  D-galactoae  molecules  to  one 
L-galaetose  molecule  (Jones  and  Peat,  1942).   Complete  hydrolysis 
of  agar  with  strong  acid  has  yielded  40  percent  D-galactose 
(because  of  excessive  breakdown  to  levulinic  acid),  and  methyla- 
tion  of  agar  has  indicated  about  11  percent  L- galactose  among 
the  methanolysis  products  (Whistler,  1953).  Yashe  (1957)  found 
that  acid  hydrolysis  of  agar  resulted  in  the  production  of  galac- 
tose, xylose,  and  hydroxyraethyl-2-furaldehyde.   The  fact  that 
agar  is  a  polygalactose  suggested  that  in  its  natural  state  agar 
might  consist  of  a  heterogeneous  collection  of  chains  of  differ- 
ent lengths,  and  that  some  of  these  might  be  small  enough  to  be 
soluble  and  to  have  lost  their  gel-forming  properties. 

Supernatent  from  the  first  washing  of  Bacto-Agar,  when 
incorporated  into  the  medium  as  (supernatent  +  salts  +  sorbose 
+  sucrose)  +  (agar  +  water),  resulted  in  tie   same  inhibition  as 
when  agar  per  se  was  autoclaved  with  the  salts  and  sugars. 
Agar  was  then  dialyzed  against  a  i:nown  volume  of  water,  and  the 
24-hour  dlalysate  was  incorporated  into  the  medium  in  the  same 
manner  as  the  supernatent.   This  too  proved  inhibitory,  the 
colony-forming  efficiency  of  lnos-8  varying  from  12  percent  to 
27  percent  in  different  experiments  with  different  dialysates. 
In  order  to  determine  whether  the  Inhibitory  capacity  of  the 
dlalysate  could  easily  be  diluted  out,  dilutions  were  made  of 
the  dlalysate  and  incorporated  into  the  media  ae  above.  A  normal 
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strength  (IX)  dialysate  was  made  by  using  undiluted  dialysate 
obtained  from  dialyzing  ten  g,  agar  against  250  ml.  water.  T'  e 
results  are  summarized  in  Table  2.   Data  indicate  that  the 

Table  2.  Number  of  conldia  of  lnoa-6  and  lnos-9  forming  colonies 
on  Westergaard ♦ s  media  into  which  various  dilutions  of 

agar  dialysate  have  been  Incorporated. 


Dilution  of  dialysate  incorporated  s  No.  of  conldia  forming  colonic** 

as  (dialysate  +  salts  +  sucrose  +  t  ~   ,„_,,  a         t    7ZZ1   - 

sorbose)  +  (agar  t   water)         t        2£2*-2         :    M93r2 

2X  24  199 

IX  34  175 

Iff  173  205 

It  25  216  201 

ll50  279  180 

It 100  238  197 

It 200  236  195 

It 400  227 

i?soo.. 212 212 

distilled  water  control  (no  dialysate)  218  192 

(agar  +  salts  +  sucrose  +  sorbose) 

control     l^ X94 

* Average  of  three  plate  counts  for  inos-8,  two  for  lnos-9. 

dialysate  may  be  diluted  five-fold  and  still  retain  certain  in- 
hibitory abilities.   It  is  of  Interest  that  very  dilute  dialysate 
solutions  (lt50)  appear  to  be  stimulatory  to  lnos-8,  for  reasons 
not  understood. 

Separation  of  components  of  the  agar  dialysate  by  paper 
chromatography  revealed  the  presence  of  two  distinctly  different 
components.  Chromatography  also  indicated  the  presence  of  a 
non- reactive  substance(s),  appearing  as  a  brilliant  white  band 
directly  above  the  point  of  origin,  in  the  dialysate.  Extraction 
of  these  bands  and  of  the  line  of  origin  from  the  paper  and 
incorporation  of  these  extracts  into  media  gave  the  results  shown 
in  Table  3.   It  is  obvious  ti  at  the  non-reactive  band  exerts  the 
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most  Inhibitory  effect.  Certain  of  the  other  data  may  be  ex- 
plained by  a  consideration  of  the  relative  positions  of  the 

i 

Table  3.  Colony-forming  efficiency  of  inos-o  and  inos-9  on 
Westergaard * s  media  into  which  various  components 
of  agar  dialysate  isolated  by  paper  chromatography 
have  been  incorporated. 


Portion  of  dialysate  autoclaved    :  Polony-forming  efficiency 

with  salts,  sorbose,  and  sucrose   t  inos-6   :   inoa-9 

(ar'ar  autoclaved  separately)       t t 

untreated  dialysate  0.18        0.95 

non- reactive  band  0.29        0.95 

Band  #1*  0.93        1.00 

Band  jf2#  0.91        1.00 

line  of  origin  0.58        0.94 

Band  11  +  Band  7/2 0.55 1.00 

Jlstilled  water  control  (no  dialysate)  1.00        0.96 
(sucrose  +  salts  +  sorbose  ■*•  agar) 

control 0.01 0.6fr 


*!":-.08e  determinations  made  in  a  separate  experiment. 

isolated  components.  The  developed  strip  appears  as  in  Fig.  4. 
It  is  entirely  possible  that  a  small  portion  of  the  non-reactive 
band  may  have  extended  into  the  line  of  origin  and  into  the  region 
of  Band  §\   and  been  included  in  the  extracted  strips  for  both  the 
line  of  origin  and  Band  #1.  This  would  more  simply  explain  the 

Pig.  4.  Relative  chromatogram  positions  of  afar  dialysate 
components. 


W 


1         mm Y//W//WM 


12      3  4 

(1)  line  of  origin,  (2)  non-reactive  band,  (3)  Band  #1,  (4)  Band  #2 

inhibition  evidenced  by  the  line  of  origin  and  the  combination 
of  Band  #1  and  Band  #2,  although  it  is  not  inconceivable  that 
substances  from  Band  #1  and  Band  #2  may  interact  to  pause  inhibi- 
tion. 
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The  above  results  indicated  the  neoesslty  for  further 
investigation  of  the  non-reactive  portion  of  the  dialysate,  and 
experiments  are  now  in  progress  In  an  attempt  to  identify  this 
segment.  Despite  the  fact  that  this  soluble  portion  is  readily 
dlalyzed  from  whole  acar,  it  must  be  recalled  that  agar  treated 
in  such  fashion  as  to  remove  inhibitory  levels  of  the  substance 
still  remains  highly  efficient  in  producing  inhibition  when  auto- 
claved  with  salts  and  sugars.  Agar  of  the  highest  commercial 
purity,  as  well  as  thoroughly  washed  agar,  produced  nearly  100 
percent  inhibition.  Therefore  the  substance  (or  substances)  re- 
•ponslble  for  inhibition  appears  to  be  integral  to  the  agar 
structure,  even  though  certain  fractions  are  water-soluble  and 
dlalyzable.  The  continued  presence  of  a  brilliant  white  band 
during  development  of  a  chromatogram  may  indicate  the  presence 
of  an  acid  substance  which  neutralizes  the  basic  developing  solu- 
tion, or  the  presence  of  salts  may  show  this  defined  non- reactivity. 
An  inquiry  to  Dlfco  Laboratories  concerning  possible  impurities 
in  Dlfco  Bacto-Agar  revealed  that  small  amounts  of  chloride  and 
sulfate  were  often  present.  However,  the  proportions  of  these 
were  so  low  as  to  be  insignificant  in  comparison  to  the  chloride 
and  sulfate  levels  present  in  the  basal  salts  of  Westergaard*a 
medium. 

It  is  interesting  to  speculate  that  the  presence  in  the 
dialysate  of  a  sulfated  galactose  fraction  might  be  non-reactive 
to  silver  nitrate.  When  an  extract  of  this  non- reactive  band  was 
evaporated  to  dryness  and  heated  in  a  crucible  for  15  minutes 
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over  a  direct  flare,  excessive  charring  occurred,  attesting  to 
the  organic  nature  of  the  extract.  Although  attention  is  direct- 
ed to  a  particular  portion  of  the  agar,  within  this  range  of 
focus  a  panoramic  view  must  be  maintained  which  includes  the  add- 
ed necessity  of  interaction  with  sucrose  and  sorbose  in  producing 
inhibition  on  one  particular  mutant  type. 

Conditions  whlon  Simulate  the  AFff-r  affect.  Heparin.  In 
the  study  of  viral  inhibition  caused  by  agar  media  (Ta>emota  and 
Liebxhaber,  1961),  the  inhibitory  agent  was  Identified  as  a  sul- 
fated agar  polysaccharide.  Agar  inhibition  was  simulated  by  the 
substitution  of  agar  by  heparin  In  the  media,  heparin  also  being 
a  sulfated  polysaccharide.  In  the  present  study,  the  incorpora- 
tion of  heparin  (Heparin  sulfate,  Sli  Lilly  and  Co.)  into 
Westergaard ' s  media  also  effected  inhibition,  although  ten-fold 
heparin  concentrations,  over  t"  at  reported  necessary  for  viral 
Inhibition,  were  required  to  cause  significant  inhibition  in 
Keurospora.  The  results  of  the  heparin  studies  are  indicated  in 
Table  4.  As  the  data  show,  it  was  only  when  heparin  was  auto- 
claved  with  the  salts,  sorbose,  and  sucrose  that  it  had  any  Inhib- 
itory action.  Autoclaving  of  inhibitory  levels  of  heparin  sep- 
arately from'  the  salts  and  sugars  relieved  the  inhibition  on 
lnos-6.  Just  as  was  the  case  with  agar.  This  of  course  suggests 
that  it  is  the  sulfated  polysaccharide  nature  of  agar  itself 
which  is  responsible  for  inhibition,   inos-9  was  not  affected 
by  high  levels  of  heparin.  Attention  should  also  be  called  to 
the  stimulatory  effect  on  both  lnos-8  and  lnos-9  of  low  heparin 
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concentrations . 

Table  4.  Colony-forming  efficiency  of  lnos-6  and  inos-9  on  media 
to  vhich  varying;  amounts  of  heparin  have  been  added. 

Amount  of  heparin  autoclaved  with  i  Colony- forming,  efficiency 

Westergaard's  salts,  sorbose,  and  t    inoa-3   I   inos-9 

sucrose  (agar  autoclaved  separately)  \  ""  ~   t       ~~~~ 

none  0.88        0.72 


none  u.uu         w.j<; 

0.001  mg./ml.  0.91        1.00 

0.005  mg,/ml.  1.00        0.81 

0.01  mg./ml.  0.82        0.78 

0.05  mg./ml.  0.71        0.78 

0.10  mg./ml.  0.75        0.84 

0.50  mg./ml.  0.41        0.80 

1.00  mg./ml.#  0.22        0.97 

1.50  mg./ml.» 0^16 0^ 

(sucrose  ■*-  sorbose  +  salts  +  agar) 

control  0.01        0.74 

(sucrose  +  sorbose  +  salts)  +  (agar  ♦ 

1. 00  rog.  he  par  in/ml. )» 1.00 1.00 

•These  determinations  made  in  a  separate  experiment. 


Fries'  and  Vogel*s  media.   In  a  routine  attercpt  to  extend 
these  findings  and  to  compare  these  results  with  those  of  de 
Serres,  et  al«  (1962),  Fries'  and  Vogel's  media  were  also  tested 
to  determine  their  relations'  ip  to  the  Inhibitory  effect  previ- 
ously defined  with  Westergaard's  medium.  Vogel's  and  Fries' 
suorose- sorbose-agar  media  were  inhibitory  to  inos-8  and  relative- 
ly non- inhibitory  to  inos-9.  as  was  Westergaard's,  There  was, 
however,  one  unexpected  but  very  important  difference.  The  inos-8 
inhibition  elicited  by  Fries'  and  Vogelfs  media  was  not  relieved 
by  autoclaving  the  agar  separately  from  the  salts-sucrose-sorbose 
portion  of  the  media.  Therefore,  the  "agar  effect"  was  in  evi- 
dence in  the  complete  absence  of  agar  or  any  agar  derivative. 
Obviously  some  component  of  the  basal  salts  of  Fries*  and  Vogel's 
media  exerted  an  effect  comparable  to  that  characterized  by  agar. 
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The  differences  among  the  three  media  are  summarized  In  Table 

5,  Tiie  prinolpal  difference  between  Westergaard's  and  both  Pries* 

Table  5.  Comparison  of  components  of  Fries',  Vogel's, 

and  tfestergaard's  media.  


:== 


Chemical  oo.-;nonenta  of  medium  \   Weaterraard' b  :  Fries'  t  Voxel's 

CaCl2»  ^'F.S04,  KH2PC4,  trace 

elements,  biotin  +  #'        ♦ 

NaCl  t  + 

NII4KQ3                               -             +  ♦ 

Na30gHeO72H20                      -  + 

(M^2PW06 * j 

and  Vogel*s  media  is  the  presence  of  ammonium  ions  in  Fries'  and 
Vogel's  (as  ammonium  nitrate  in  both,  and  ammonium  tartrate  in 
Fries'),  and  their  obvious  absence  in  Westergaard's.   The  effect 
of  adding  ammonium  nitrate  to  Westergaard's  is  summarized  in 
Table  6.  Neither  the  addition  of  ammonium  nitrate  to  Westergaard's 
salts  nor  the  substitution  of  potassium  nitrate  by  ammonium 

Table  6.  number  of  conldia  of  lnos-8  and  lnos-9  forming  colonies 
on  Westergaard's  medium  to""vfhich  varyTng  amounts  of 
ammonium  nitrate  have  been  added* 

Percent  of '  IJH4HO3  autoclaved  1  Mum  be  r  of  conldia  forming  colonies* 

with  Westergaard^s  salts,  t  t 

sucrose,  and  sorbose  (agar  t     lnos-8  t         lnos«-9 

autoclaved  separately)  t  t 

none  522           417 

l.Oj*  820           371 

2.0::  853           383 

3,0&  896           401 

OM §25 m 

*Average  of  three  plate  counts  for  inos-8t  two  for  lnoa-9« 

nitrate  resulted  In  increased  Inhibition  when  agar  was  autoclaved 
separately  from  the  salts  and  sugars  and  ammonium  nitrate.  As  a 
matter  of  fact,  the  higher  concentrations  of  ammonium  nitrate  in 
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Westergaard's  were  actually  stimulatory  to  lnos-8.  The  explana- 
tion of  the  unexpected  stimulation  is  unknown.  These  results  are 
pertinent  in  that  they  vindicate  aiarnoniua  ions  i'roc;  involvement 
in  the  Inhibitory  effect  peculiar-  to  Frits'  and  Vbgel's  media. 

The  second  difference  among  the  three  media  Is  the  addition- 
al presence  of  ammonium  tartrate  in  Fries'  medium  and  of  sodium 
citrate  in  Vogel's  sodium,  "When  these  components  (citrate  and 
tartrate)  were  autoclaved  with  agar  separately  from  the  sucrose, 
sorbose,  and  reraaining-salts  (Fries'  basal  salts  ;->inu3  arnnonlum 
tartrate)  solution,  results  as  Indicated  in  Table  7  ^ere   obtained. 

Table  7.  Colony-forming  efficiency  of  lnos-8  and  Inos-Q.  when 
different  methods  of  incorporation"©*  citrate  and 
tartrate  into  the  media  were  used. 


Kethod  of  media  preparation         t  Colony- f orrnlnr  efficiency 

*  '   inos-'d""  j  inqs-9 

'■"""■" — I '■■    ■■■'■■■»"■■■■■——• H'l»t»l<rW  W   f-l» •'"■■I* ■ -I.  I.. ««  -I,  .—  ■!..  |  I  !■■■..— I.  ■I||,l  .1  .  .1     .WW— .1.    ■  I- ..,-.*■ ■■■.■■■■W.—ll. 

Fries ' 
(sucrose  +  sorbose  +  salts  •♦-  tartrate) 

+  (agar  +  water)  0.032       0.921 

(sucrose  *  sorbose  *■  salts  ♦  tartrate 

+  agar)  0,026       0.958 

(sucrose  +  sorbose  +  salts)  ♦ 

(tartrate  +  afar  +  water)  O.65        0.750 

V orel's 
(sucrose  +  sorboae  +  salts  +  citrate) 

+  (agar  ■*■   water)  0,073       0.97 

(sucrose  +  sorboae  +  salts  *  citrate 

+  agar)  0.118       0.87 

(sucrose  +  sorboae  +  salts)  + 

(citrate  -i   r-rzr  +   water) 1.0C 1.00 

These  data  show  that  citrate  and  tartrate,  when  autoclaved  with 
salts-sorbose-sucrose  solution,  produced  the  same  Inhibitory 
effect  so  characteristic  of  agar.  This  explains  the  ineffective- 
ness of  autoclaving  agar  separately  when  Fries'  and  Voxel's  media 
were  utilized.  Citrate  and  tartrate  are  alike  In  their  possession 
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of  carboxyl  end-groups.  If  these  results  are  in  any  way  due  to 
the  presence  of  carboxyl  end-groups,  one  might  expect  similar 
results  from  other  compounds  containing  carboxyl  end-groups .  In 
order  to  check  this,  sodium  acetate  and  sodium  succinate  were 
incorporated  into  media  in  the  same  manner  outlined  in  Table  7« 
The  incorporation  of  these  compounds  into  the  media  resulted  in 
the  same  Inhibition  and  recovery  pattern  indicated  in  Table  7 
with  citrate  and  tartrate.  The  absence  of  any  such  carboxyl 
end-groups  *n  any  known  components  of  agar  suggests  that  although 
these  compounds  simulate  the  general  inhibitory  effect  of  agar, 
their  mechanism  of  action  may  be  quite  different. 

Sucrose 

Eventually  one  must  return  to  the  original  premise  that 
agar  must  be  autoclaved  with  one  percent  sorbose  and  0.1  percent 
sucrose  to  effect  inhibition.  The  ominous  agar  effect  can  be 
completely  obliterated  by  increasing  the  sucrose  level  or  by 
substituting,  sucrose  with  only  20  percent  as  much  glucose.  Cer- 
tainly a  closer  examination  of  the  sucrose  role  is  warranted. 

Sucrose  is  a  disaccharide  which  yields  equal  amounts  of 
D-rlucose  and  D-fructose  when  hydrolyzed  by  acids  or  by  enzymes. 
The  usual  pH  of  Vfestergaard's  basal  medium  is  5.0.  Pigman  (1957  )^ 
P»  592,  states  that  the  optimum  pi  for  enzymatic  sucrose  hydro- 
lysis is  probably  5.0  to  5.5.  He  also  states,  p.  520,  that 

The  AF°  for  the  hydrolysis  of  sucrose  is  of  the  order 
of  -6600  calories  per  mole;  this  means  that  the  reaction  has 
a  strong  tendency  to  favor  hydrolysis.  This  tendency  is 
greatly  reinforced  by  the  high  concentration  of  one  of  the 
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reactants,  water,  in  an  aqueous  environment »  The  combin- 
ation of  these  factors  is  responsible  for  the  practically 
irreversible  nature  of  the  hydrolysis  of  sucrose. 

:g  influence  of  Sucrose  !l;;drolytic  Products  on  the 
Inhibitory  Effect.  Vester£aard*s  sorbose-salts-agsr  medium 
supplemented  with  0.1  percent  filter-sterilized  sucrose  (rilllpore 
Filter,  size  0.45^)  cannot  support  growth  of  either  lnos-8  or 
inos-9.  While  inos-9  oould  not  grow  on  filter- sterilised  suerose- 
sorbose-agar  medium,  it  responded  ve&y   well  to  the  same  medium 
autoclaved  for  15  minutes.   The  obvious  explanation  for  this  is 
that  the  hydrolysis  of  sucrose  during  autoclaving  in  an  acid 
medium  resulted  in  the  release  of  gluco3e  and  fructose  into  the 
medium,  and  this  glucose  was  capable  of  supporting  inos-9  colony 
formation,  Although  inos-3  can  readily  utilize  glucose,  it  was 
Incapable  of  utilizing  the  same  autoclaved  sue ro 3 e~ sorbose- agar 
medium  which  so  readily  supported  the  growth  of  inos-9.  There- 
fore one  might  suppose  that  some  additional  sucrose  hydrolysis 
product  other  than  glucose,  when  autoclaved  with  sorbose  and 
agar,  competes  with  the  glucose  or  in  some  way  negates  ino 3-8*8 
ability  to  respond  normally  to  the  glucose  from  hydrolyzed  su- 
crose. The  obvious  point  of  attack  for  investigation  of  this 
hypothesis  is  a  determination  of  tie  effect  of  fructose  upon 
inos-8's  utilization  of  glucose,  fructose  and  £lucose  being  pro- 
duced in  equal  quantities  when  sucrose  is  hydrolyzed.  Table  8 
illustrates  the  effect  of  adding  fructose  and  sucrose  to  media 
containing  glucose.  The  data  indicate  that  fructose  as  such  was 


25 


non-utllizable  by  the  strains  tec ted.  It  appears  that  neither 
fructose  nor  any  other  breakdown  product  from  tie  hydrolysis  of 

Table  8.  Number  of  conldia  of  JLnos-6,  l.n.os-9,  and  wild  type 

74a  forming  colonies  v/hen  equal  aliquots  were  plated 
on  media  with  various  sources  of  sugar. 


Carbohydrate  source  autoclaved  tlfurnber  of  ccniclia  forming  colonies* 
with  Westergaard ' e  salts,  li     i      j_n08_3   »  i^or.-Q   *  ~  74a 

sorbose,  and  2%   agar t  '  ~   t     '  '  ' ' '     t ~ 

0.05$  glucose  113        73       244 

O.ljg  sucrose  0       .  61       110 

0,05$  fructose  0         0         0 

0.05^  fructose  +  0.05$  glucose     121        S6       221 

Q.05g  rlucoac  y  0.1"  evercoe 124 JS 219 

♦Average  of  tliree  plate  counts  for  lnos-8.  two  for  lnos-9,  and 
two  for  74a. 

sucrose  is  capable  of  diminishing  lnos-8 's  ability  to  utilize 
glucose. 

lnos-8  can,  however,  utilize  0.1  percent  sucrose  autoclaved 
separately  from  agar.  It  is  of  interest  whether  this  sucrose, 
hydrolyzed  by  autoclaving  and  quite  utillzable  by  lnos-8,  would 
be  capable  of  returning  to  a  non-utilizable  or  inhibitory  state 
by  subsequent  subjection  to  autoclaving  with  agar.  0,1  percent 
sucrose  was  autoclaved  with  Westergaard's  salts  and  sorbose  for 
15  minutes  at  18  lb.  pressure,  then  two  percent  agar  was  added, 
and  the  medium  autoclaved  again  for  15  minutes  at  18  lb,  pressure. 
The  colony-forming  efficiency  of  lnos-8  conidia  on  the  resulting 
medium  was  not  decreased  below  the  efficiency  on  the  control 
medium  with  salts-sucrr,oe-so.rbose  solution  autoclaved  separately 
from  agar  and  combined  after  autoclaving,   It  appears  tl  at  once 
sucrose  has  been  hydrolyzed  in  the  absence  of  agar,  further  auto- 
claving in  the  presence  of  agar  is  incapable  of  returning  it  to 
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a  non-utillzable  condition*  If  the  presence  of  agar  and  sorbose 
during  sucrose  hydrolysis  some  way  alters  the  sucrose  hydrolytlc 
products  so  they  are  inaccessible  to  jLnos-8.  the  foregoing  results 
are  easily  explainable.   If  the  results  are  to  be  interpreted  in 
terms  of  the  formation  of  an  inhibitory  substance  during  the 
second  autoclavinr  period,  then  this  product  appears  totally  in- 
effective in  the  presence  of  sucrose  hydrolysis  products  formed 
during  the  initial  autoclaving  process.  One  might  question 
whether  the  increased  autoclaving  time  of  the  sucrose  (30  minutes 
total)  might  not  be  an  influential  factor.  3uch  is  not  the  case. 
Sucroae-sorbone-an-ar  medium  autoclaved  for  30  minutes  was  inef- 
fective in  increasing  inos-8  colony-forming  efficiency  over  that 
obtained  with  the  same  medium  autoclaved  for  15  minutes. 

The  sucrose  aspect  of  inhibition  is  not  dlminuitlvely  influ- 
enced by  sorbose.  One  might  suppose  that  medium  with  two  percent 
agar  and  0.1  percent  sucrose,  but  lacking  sorbose,  would  still  b© 
incapable  of  supporting  inos-8  colony-formation*   Inositolless 
mutants  present  a  rather  unique  faculty  for  validation  of  this 
hypothesis  (Beadle,  1944)*  By  decreasing  the  Inositol  in  the 
medium  from  five  u^.  per  ml.  to  0.25  yug.  per  ml.,  colonization  of 
Inositolless  mutants  can  be  induced  in  the  absence  of  sorbose. 
On  such  a  medium,  containing  tfeBterg-aerd's  salts,  0.25  yjg.  inosi- 
tol per  *&.»•   o.l  percent  sucrose  and  two  percent  agar,  inos-8 
conidia  are  capable  of  100  percent  colony-forming  efficiency. 
And  once  again  the  Impossibility  of  selectively  attributing  inhi- 
bition to  one  particular  substance  becomes  apparent.  Attention 
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will  now  be  directed  to  the  actual  sucrose  hydrolysis  process, 
with  agar  and  without  agar,  with  sorbose  and  without  sorbose. 
Two  different  methods  have  been  utilized  in  determining-  the  in- 
fluence of  different  components  of  the  medium  on  sucrose  hydro- 
lysis; one  was  a  biological  study,  the  other  a  chromatographic 
approach. 

affects  of  Sorbose,  Salts,  and  Ar ar  on  cue rose  Hydrolysis. 
Sucrose  can  be  autoclaved  with  individual  components  of  the  medium 
and  the  effectiveness  of  sucrose  hydrolysis  determined  by  the 
response  of  the  normal  strain,  inos-Q,  to  the  resulting  medium. 
The  concurrent  effect  en  inoe-H  of  the  products  utillzable  by 
lnos-2  can  be  ascertained.  The  results  of  such  an  experiment  are 
suomarlzed  in  Table  9»  Both  WeBtergaard's  salts  and  sorbose  ap- 
pear instrumental  in  t  m  lydrolyeis  of  sucrose.   It  has  been  pos- 
tulated by  de  Serres,  et  al.  (1962)  that  sorbose  ■••■ay  catalyze 
sucrose  hydrolysis.   Such  a  postulate  is  strengthened  by  these 
data.   Table  9  suggests  that  sucrose  in  the  -  renence  of  sorbose 
may  be  hydrolyzed  sufficiently  to  permit  normal  lnos-2  colony- 
forming  efficiency,  but  Insufficiently  to  obtain  optimum  recovery 
of  inos-B  (Ho,  3).  Weetergaard * s  salts  were  apparently  capable 
of  effecting  hydrolysis  of  sucrose  to  the  optimum  recovery  of 
both  lnos-8  and  inos-9  when  arar  and  sorbose  were  autoclaved 
separately  (No.  7)*  but  for  reasons  which  are  not  clear  the  ^nos-8 
recovery  was  diminished  when  sorbose  and  agar  were  autoclaved  to- 
gether (No.  4),  even  though  suorose  was  autoclaved  only  with 
salts;  there  was  an  added  agar-sorbose  effect  associated  with  the 
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inhibitory  effect  on  inos-8.  Notice  that  neither  inos-8  nor 
inos-9  was  capable  of  utilizing  sucrose  autoclaved  by  itself  or 

Table  9,  Number  of  conidia  of  inos-6  and  inos-9  forming  colonies 
on  media  prepared  in  such  a  manner  as  to  permit  an  assqr 
of  the  decree  of  sucrose  hydrolysis. 

Method  of  media  preparation  ;uitihor  of  conidia  forcing  colonies* 
(  .eatergaard's  salts,  0.1$   :      inoe-Q  "*    t          lnos-9 
sucrose.  1#  sorbose,  2#apar)t , ,,l 

1.  (sucrose  +  sorbose  +  salts 

«■  agar)  0  166 

2.  (sucrose  +  sorbose  +  salts) 

-t-  (near)  216  504 

3.  (sucrose  ♦  sorbose)  +  (salts 

♦  agar)  162  307 

4.  (sucrose  +  salts)  +  (sorbose 

«  agar)  45  314 

5.  (sucrose)  +  (sorbose)  +  (salts 

+  agar)  0  9 

6.  (sucrose)  +  (sorbose)  +  (salts) 

+  (agar)  0  11 

7.  (sucrose  +  salts)  +  (sorbose) 

*  (agar)  248  312 

8.  (sucrose  +  apar)  +  (sorbose 

r  salts) 0 0 

•Average  of  three  plate  counts  for  inos-8,  two  for  lnoB-$. 

sucrose  autoclaved  only  with  agar  (Kos.  5»  6,  and  8).  It  tray  or 

not  be  significant  that  the  response  of  lnos-9  to  sucrose 
autoclaved  only  with  agar  was  zero.  The  fact  that  two  different 
experiments  incorporating  this  sace  variable  have  failed  to  give 
any  colonies  with  lnoe-9  or  wild  type  74a  conidia  lends  credance 
to  the  supposition  that  it  is  significant.   If  it  can  be  assumed 
that  sucrose  In  the  presence  of  agar  is  hydrolyzed  to  a  lesser 
degree  than  sucrose  autoclaved  in  distilled  water,  then  variable 
No.  1,  the  basis  of  the  inhibitory  effect,  in  Table  9  might  be 
explained  in  terms  of  this  assumption.   The  arguments  for  and 
against  such  an  Interpretation  will  be  more  thoroughly  developed 
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in  the  discussion. 

Chromatopraphlc  determinations  of  the  extent  of  sucrose 
hydrolysis  when  sucrose  was  autoclaved  with  various?  components  of 
the  medium  have  been  on  t  e  whole  quite  unsatisfactory  with  the 
one-dimensional  technique.  The  technical  difficulty  encounter- 
ed was  that  the  sorbose  spot  was  located  directly  over  the  fruc- 
tose and  rlucose  regions,  and  since  sorbose  was  present  in  a 
ten-fold  concentration  of  the  sucrose  level,  there  was  never  any 
discernible  indication  of  \  .free  of  \  t\    ..tose 

formation,  due  to  a  .heavy  saturation  of  the  rerion  by  sorbose. 
This  difficulty  could  posnibly  be  rear lved  by  utilising  different 
chromatographic  techniques.   There  was  some  Indication  that  su- 
crose autoclaved  with  agar  was  not  hydrolyzed  to  the  same  extent 
as  was  sucrose  autoclaved  wit:-  water  (n-        ).  The  glucose 
spot  was  not  discernible  in  the  former,  but  there  was  flight  in- 
dication of  glucose  formation  in  th     tar.   There  was  definite 
indication,  once  again  In  terms  of  the  density  of  t.-  a   resulting 
glucose  spot,  that  one  percent  sucrose  autoclaved  in  water  was 
hydrclyaed  to  a  much  greater  degree  than  was  0.1  percent  sucrose 
autoclaved  in  water,  even  though  the  latter  was  concentrated 
ten-fold  by  evaporation  at  50°0  before  spotting.  When  all  compo- 
nents of  the  media  were  autoclaved  tofet'er,  chrcmatograms  in- 
dicated the  presence  of  an  unidentified  and  reproducible  sub- 
stance locating  distal  to  the  sorbose  region,  and  present  only 
when  all  components  were  autoclaved  together.   Further  investi- 
gation of  this  substance  is  being  undertaken. 
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Could  the  presentation  of  results  cease  at  this  point,  inter- 
pretation would  be  greatly  simplified.   Results  have  indicated 
that  sucrose  hydrolysis  products  are  either  inaccessible,  or  are 
available  in  quantities  much  too  low  to  support  lnos-8  colony 
formation.  However,  contradictory  data  cannot  be  ignored. 

Inhibitory  Substance 

lnos-8  conidla  grown  in  liquid  medium  containing  sorbose  and 
sucrose  (no  agar)  were  capable  of  forming  visible  colonies  after 
two  to  four  days'  incubation,  as  would  be  expected.  The  number 
of  inos-8  conidla  forming  colonies  appeared  roughly  equal  in 
sucrose-sorbose  and  plucose-sorbose  liquid  media,  the   question 
arose  as  to  whether  lnos-8  conidla  which  had  germinated  and  begun 
to  grow  in  liquid  would  be  able  to  continue  growth  to  form  a 
visible  colony  when  transferred  to  sucrose-sorbose-agar  medium. 
Microscopic  determinations  of  the  conldial  germination  of  inqs-8 
on  sucrose-sorbose  media  indicated  that  after  four  hours,  approx- 
imately 90  percent  of  the  conidla  had  germinated. 

Flasks  with  150  ml.  of  Westergaard's  sucrose-sorbose  medium 
and  others  with  150  ml.  glucose-sorbose  medium  were  inoculated 
with  lnos-8  and  lnos-g  conidlal  suspensions  resulting  in  a  final 
concentration  of  about  1,000  conidla  per  ml.  of  media  (0.1  per- 
cent agar  was  added  to  the  media  to  produce  a  slight  viscosity 
which  prevented  germinating  conidla  from  aggregating).  At  inter- 
vals of  time  from  one  hour  to  24  hours,  one  ml.  of  conidial  sus- 
pension was  removed,  diluted  1:10,  and  plated  on  three  plates  of 
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sucrose-sorbose-agar  medium  and  three  plates  of  glucose- sorbose- 
agar  medium.  The  colony-forming  efficiency  was  determined  by  a 
comparison  of  the  sue rose- sorbose- agar  counts  to  the  correspond- 
ing glucose- sorbose-agar  counts  (glucose-sorbose-agar  counts 
considered  100  percent).   The  results  of  these  determinations 
are  shown  in  Fig.  5. 

in qs- 8  conidia  were  capable  of  growinp  normally  in  sucrose- 
sorbose  as  well  as  glucose- sorbose  liquid  media  in  shake  culture. 
However,  a  certain  incubation  time  had  to  elapse  before  conidia 
growing  in  such  liquid  media  could  withstand  the  transfer  to 
sucrose-sorbose-agar  medium  and  maintain  sufficient  equilibrium 
to  continue  growth  and  form  a  colony.  Following  a  lag  period, 
increase  in  inos-8  colony-forming  efficiency  was  found  to  be  pro- 
portional to  the  amount  of  time  the  conidia  had  incubated  in 
liquid  media.  Kven  lnos-9  did  not  immediately  show  normal  colony- 
forming  efficiency.   The  lag.  period  of  inos-8,  however,  exceeded 
the  time  required  by  lnos-9  to  reach  full  colony-forming  effi- 
ciency. It  was  relatively  unimportant  to  final  recovery  whether 
lnos-8  conidia  were  incubated  in  sucrose  or  glucose  liquid, 
although  response  was  somewhat  more  rapid  when  glucose  was  used. 
It  appears  that  a  conidlum  must  reach  a  certain  physiological 
state,  logically  a  certain  physical  size,  for  It  to  be  capable  of 
overcoming  the  adverse  affects  of  sucrose-sorbose-agar  medium  on 
which  it  is  plated  and  continue  development  on  such  a  medium  to 
form  a  colony.  This  suggests  the  possibility  of  a  sucrose- 
sorbose-agar  threshold  inhibitory  level}  the  greater  the  fungal 
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surface  area  per  unit  of  "Inhibitor",  the  greater  the  possibility 
of  a  breakthrough,  due  to  the  adsorption  or  neutralization  of  th« 
inhibitor  substances  by  the  increased  mycelial  area,  leaving 
other  growing  sites  unaffected  and  free  to  continue  growth,  This 
hypothesis  predicts  that  the  greater  the  surface  area  subjected 
to  a  constant  amount  of  inhibitor,  the  greater  is  the  possibility 
of  survival,  or,  equally,  the  smaller  is  the  probability  of  total 
inhibition.  It  also  presupposes  that  sufficient  carbon  sources 
are  available  In  the  sucrose-sorbose-agar  medium  to  support  lnoa»8 
growth,  but  utilization  of  these  sources  is  impaired  by  the  pres- 
ence of  a  separate  inhibitory  substance,  toxic  to  JLnos-8,  but 
hardly  affecting  lnos-9. 

The  postulate  that  the  inhibitory  substances  are  present  in 
finite  numbers  can  be  tested  further  by  plating  increasing  num- 
bers of  lnns-8  conldia  on  sucrose-sorbose-agar  medium  with  corre- 
sponding platings  on  glucose-sorbose-agar  control  plates.  Theo- 
retically, an  inhibitory  substance  saturation  level  might  be 
attained,  above  which  lnos-8  conldia  would  be  capable  of  colony 
formation  on  sucrose-sorbose-agar  medium.  The  result  of  plating 
conidial  samples  of  increasing  concentrations  on  these  media  in- 
dicated once  more  that  there  was  a  level  above  which  the  inhib- 
itory effect  was  markedly  decreased.  An  lnos-3  conidial  suspen- 
sion riving  rise  to  an  average  of  415  colonies  on  glucose-sorbose- 
agar  medium  produced  one  colony  on  sucrose-sorbose-agar  (average 
of  three  plate  counts  each),  or  a  colony-forming  efficiency  of 
0.0024  on  sucrose-sorbose-agar  medium,  itfien  approximately  8,000 
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lnos-8  conldlai  colonies  were  formed  on  glucose- sorbose-agar 
plates,  1,264  conidia  formed  colonies  on  sucrose-sorbose-agar 
medium,  an  efficiency  of  approximately  0.16.  Obviously,  these 
latter  determinations  are  only  approximate,  but  it  is  of  basic 
importance  in  terms  of  interpretation  to  realize  that  lnos-8 
conidia  are  fully  capable,  under  the  conditions  imposed  by  plat- 
ing very  large  numbers  of  conidia,  of  forming  normal  colonies  on 
sticrose-sorbose-agar  medium.  Could  the  conidlal  concentrations 
be  increased  even  more,  it  does  not  seem  impossible  that  lnos-8 
sucrose-sorbose-agar  colony-forming  efficiency  could  equal  the 
glue ose-aorbose- agar  efficiency.  This  becomes  operationally  dif- 
ficult and  impossible,  because  colony  counts  above  500  are  in- 
creasingly unreliable,  scoring  becomes  very  laborious,  and  re- 
sults are  approximations  at  best. 

Characteristics  and  Inheritance  Studies 

The  lnos-8  strain  is  typical  of  a  mutant  type  characterized 
by  its  inability  to  form  colonies  when  conidia  are  plated  on 
sucrose-sorbose-agar  medium.  The  mutant  characteristic  can  be 
transferred  through  a  cross  to  other  nutritionally-deficient 
strains,  and  to  strains  lacking  nutritional  requirements  (wild 
types).  When  this  mutant  is  associated  with  inositol- requirement, 
it  has  been  found  to  be  morphologically  Identifiable  by  its 
production  of  dark  brown  pigmentation  which  accumulates  in  the 
medium.  The  mutant  characteristic  is  very  stable,  with  no  bona 
fide  spontaneous  back-mutations  encountered  throughout  the  entire 


35 


study.  Occasionally  a  low  frequency  of  colonies  was  found  when 
strains  of  the  mutant  type  were  plated  on  sucrose-sorbo3e-agar 
medium.  Subsequent  culturlng  of  these  colonies  and  re-plating 
of  conic" la  on  sucrose-sorbose-agar  medium  with  glucose-sorbose- 
agar  controls  resulted  In  the  us\ial  mutant  colony-forming  effi- 
ciency of  essentially  zero. 

In  order  to  determine  the  segregation  pattern  of  this  mutant 
in  a  cross,  inos-3  was  crossed  to  a  pan-1  al-1  A  strain  possess- 
ing the  normal  ability  for  utilization  of  sucrose-sorbose-agar 
medium.  Isolation  and  testing  of  random  ascospores  from  this 
cross  indicated  the  segregation  for  normal  and  mutant  types  sum- 
marized in  Table  10,  When  data  from  all  four  types  were  pooled, 

Table  10,  Segregation  of  mutant  and  normal  types  in  a  cross 
of  iflos-8  x  pan-1  al-1  £. 


Number  of  Isolates  t   Nutritional  s  Proportion  of  s  Proportion  of" 

tented       ;  requirement  t   mutant  tyr.es  t   normal  types 

fi  £ML>  122s.  0.442  0.557 

J  £an  0,265  0,734 

27  inos  0.741  0.259 

jB  none  0.53  0.461 

11?   total 0.493» 0.501* 

♦Average  proportion. 


there  was  a  nearly  perfect  111  segregation  for  mutant  and  normal 
isolates  among  the  progeny.  Vithin  this  pooled  determination, 
however,  there  were  two  types  which  deviated  significantly  from 
the  combined  1:1  ratio.  The  fact  that  these  deviants  showed  a 
lt3  and  a  3*1  segregation  for  mutant  and  normal  types  made  them 
especially  intriguing  from  a  genetic  standpoint.  Attempts  have 
been  made  and  experiments  designed  to  explain  the  ununual  segre- 
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gatlon  in  terms  of  linkage,  eplstasia,  ana  hypostasis,  all  to  no 
avail.   Further  crosses  of  Isolates  within  the  deviant  categories 
to  normal  and  mutant  strains  have  failed  thus  far  to  lend  any 
insight  into  the  genet lo  oasis  of  the  mutant  chenotype.  An  anal- 
ysis of  products  of  a  single  ascus,  followed  by  an  analysis  of 
the  progeny  of  crosses  mads  with  these  single-ascus  isolates 
would  hopefully  elucidate  the  frenetic  mechanism.  At  present,  th© 
investigator  is  forced  to  attribute  the  deviant  eegregants  to  a 
rather  general  interaction  of  the  particular  nutritional  require- 
ments of  a  strain  with  t^elr  ft«#»«i*tlM  with  the  mutant  type 
under  study.   It  is  possible  that  certain  genotypes  might  react 
to  one  set  of  variables  in  a  characteristic  manner,  and  to  an- 
other set  of  variables  in  a  completely  different  manner.   It 
would  be  quite  informative  to  establish  the  reaction  of  these 
deviant  mutant  isolates  to  all  the  various  conditions  affecting 

inos-8. 

father  than  pursue  this  same  line  of  investigation,  inos-8 
was  crossed  to  ;>an-2  ad-8  £|j  a  strain  with  genetic  markers  on  a 
different  chromosome  from  the  pan-1  strain  previously  studied. 
In  this  instance  the  inheritance  was  straightforward.  In  an 
examination  of  97  isolates  from  this  cross,  a  good  fit  for  a 
ratio  of  one  normal  to  one  mutant  type  (verified  by  the  chi-square 
test,  p  values  all  above  0.05)  was  obtained  regardless  of  the 
nutritional  requirement  of  the  isolate.   The  data  from  these 
determinations  are  summarized  In  fable  11,   In  the  progeny  of  this 
cross  the  mutant  behaves  in  every  way  as  a  one-gene  characteristic 
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Table  11.   Segregation  of  mutant  and  normal  types  in  a  cross 
of  inog-c  x  pan- 2  ftd-C  iT-A. 
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Number  of 

isolates 

tested 

I 
| 

Nutritional  requirement 

i 

Proportion 
of  mutant 
types 

1 

: 
| 

Proportion 
of  normal 

types 

17 
18 
26 

36 

1 

inos 
none 

pan  and/or  adenine* 
pan,  inos  and/or 
adenine,  inos 

0.471 
0.555 
0.615 

0.583 
C.556«mi 

0.529 
0.444 
0.384 

0.416 

97  to.ti 

0.443***  . 

♦Grew  on  media  supplemented  with  pantothenate  and  adenine,  but 
not  on  minimal  or  inosltol-supplemented  media. 

**Grew  on  media  supplemented  with  pantothenate,  adenine,  and 
Inositol,  but  not  on  pantothenate-adenine- supplemented,  inosltol- 
supplemented,  or  minimal  media. 

*** Average  proportion. 


CONCLUSIONS  AND  DISCUSSION 

The  inhibitory  effect  has  been  defined  in  terms  of  the  in- 
ability of  conidia  of  certain  mutant  strains  to  form  colonies 
when  plated  on  tfestergaard's  sucrose-scrbose-agar  medium.  It 
should  be  emphasized  that  the  strain-8  identified  with  the 
inositolle8s  marker  is  simply  a  carrier  of  the  mutant  under  con- 
sideration.  The  mechanism  of  action  responsible  for  the  mutant 
phenotype  of  the  strains  of  which  jnos-S  is  typical  is  deserving 
of  principal  consideration. 

It  is  hard  to  believe  at  present  that  the  mutant's  effects 
are  so  varied  as  to  be  separately  affected  by  the  wide  variety 
of , experimental  conditions  used  in  the  present  study.  Rather,  it 
would  appear  more  likely  that  its  impaired  function  is  collective- 
ly affected  by  a  variety  of  environmental  conditions.   It  is  ap- 
parent that  the  reduced  ability  of  i.nos-8  conidia  to  utilize  the 
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hydrolysis  products  of  sucrose  is  a  part  of  its  phenotyp©*  but 
this  is  only  expressed  under  the  restricted  condition  of  growth 
imposed  by  the  presence  of  sorbose  in  the  mediu.su   It  is  tempt- 
ing to  speculate  that  the  mutant  effect  is  in  some  way  related 
to  biological  processes  in  which  the  cell  wall  or  membrane  play* 
a  dominant  role,  de  Terra  and  Tatum  (1961)  have  Bhown  that  sor- 
bose alters  the  cell  vail  constitution  of  Neurospora  by  decreas- 
ing the  amount  of  glucose  and  increasing  the  amount  of  glucos- 
amine in  the  cell  wall  over  that  present  in  the  normal  cell  wall. 
Conversely,  treatment  of  Neurospora  with  snail  digestive  enzymes 
known  to  structurally  alter  cell  wall  composition  resulted  in 
colonization  of  Neurospora  indistinguishable  from  sorbose  colo- 
nization. That  the  sorbose  effect  is  a  surface  phenomenon  is 
substantiated  bv  the  observation  that  aerial  my eel la  arising  from 
sorbose-induced  colonies  possess  the  normal  morpholocy  of  mycella 
grown  on  non-sorbose  media.  Further  evidence  has  been  provided 
by  Wilson  (see  de  Terra  and  Tatum,  1961),  who  has  shown  that  the 
micro- injection  of  sorbose  at  levels  found  in  sorbose-induced 
colonies  into  Neurospora  hyphae  failed  to  restrict  normal  growth. 
Although  these  investigators  have  morphologically  described  the 
effect  of  sorbose  on  growth  of  Neurospora,  the  chemical  mechanism 
of  the  sorbose  action  is  still  Incompletely  understood. 

Since  a  substantial  decrease  in  concentration  of  sorbose  or 
its  complete  elimination  from  salts- sucrose-agar  medium  restores 
normal  colony-forming  efficiency  to  lnos-6.  it  is  apparent  that 
the  impaired  function  of  lnos-8  to  grow  on  sucroBe-sorbcse-agar 
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medium  is  manifested  only  in  the  presence  of  sorbose.   Conse- 
quently the  mechanism  of  action  of  the  mutant  gene  under-  con- 
sideration raifht  well  be  inter-related  to  the  biochemical  alter- 
ation of  the  cell  wall  imposed  by  the  presence  of  sorbose  In  the 
medium.  This  restriction  of  sugar  utilization  imposed  by  sorbose 
upon  inos-8  is  however  completely  relieved  when  glucose  is  added 
to  the  medium.   It  is  only  with  sucrose  that  any  inhibition  is 
evidenced. 

A  careful  examination  of  the  various  factors  affecting 
inos-8  makes  it  clear  that  they  cannot  all  be  satisfactorily  ex- 
plained under  a  single  hypothesis.  The  inhibitory  effects  of 
suorose-sorbose-agar  medium  are  of  such  a  nature  that  they  will 
tentatively  be  divided  into  two  groups,  a  different  hypothesis 
beinp  used  to  provisionally  explain  each.   It  is  imperative  that 
the  reader  be  fully  cognizant  of  the  distinction  between  the  two. 
One  submits  that  under  certain  conditions  the  sucrose  hydrolysis 
products  are  unavailable  to  lnos-8.  either  because  the  hydrolysis 
products  of  sucrose  are  present  in  a  non-utilisable  form,  or  be- 
cause the  degree  of  sucrose  hydrolysis  is  insufficient  to  produce 
high  enough  levels  of  glucose  to  support  lnos-8  colony  formation, 
the  requirements  of  lnos-8  being  greater  than  those  cf  lnos-9  on 
sucrose-sorbose-agar  medium.   Perhaps  the  best  direct  evidence 
for  this  postulate  is  the  complete  relief  of  inos-8  inhibition 
when  0.02  percent  glucose  is  added  to  the  routine  sucrose-sorbose- 
a^ar  medium.  The  other  interpretation  presupposes  the  presence 
of  sufficient  levels  of  sugars  in  a  utilizable  fora  to  support 
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lnoa-8  colony  formation,  but  submits  that  a  separate  inhibitory 
product  either  prevents  inps-S's  utilization  of  these  sucrose 
hydrolysis  products  or  in  some  other  manner  hinders  the  normal 
metabolism  of  inos-S  on  sucrose-sorboee-agar  medium.  The  best 
support  for  this  hypothesis  is  the  marked  increase  in  l.nog-8 
colony  formation  on  sucrose-sorbose-agar  medium  when  such  medium 
has  been  saturated  with  very  large  amounts  of  living  cell  wall 
surface  area,  either  as  conidial  or  as  mycelial  cells. 

Further  evidence  supporting  each  of  these  two  contradictory 
interpretations  will  be  noted,  as  well  us  evidence  which  can  be 
attributed'  to  both.   Certain  data  will  be  explained  in  terms  of 
one  hypothesis  only  because  they  do  not  fit  the  conditions  re- 
quired for  inclusion  In  the  other.  Also,  some  of  the  data  must 
be  interpreted  in  terms  of  individual  rather  than  general  effects. 

The  factors  affecting  the  colony- forming  efficiency  of  foos-S 
are  many  and  varied,  and  all  probably  reflect  the  phenotypic  na- 
ture of  the  mutant  under  consideration,  perhaps  these  factors 
can  be  placed  in  better  perspective  by  first  reviewing  the  con- 
ditions which  affect  the  colony-forming  efficiency  of  the  normal 
strain,  lnos-9„.  There  are  only  two  conditions  which  can  appre- 
ciably decrease  Inos-Q's  colony-forming  efficiency  on  media 
containing  0.1  percent  sucrose,  one  percent  sorbose,  two  percent 
agar,  and  a  basal  salts  solution.   The  most  striking  effect  is 
caused  by  autoclavlng  sucrose  by  itself  in  solution  or  in  solu- 
tion in  the  presence  of  only  agar.  Apparently  under  such  circum- 
stances the  degrue  of  sucrose  hydrolysis  is  so  slight  as  to  be 
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practically  negligible,  and  even  normal  lnoa-9  and  wild  type 
74a  cannot  utilize  such  media.  The  second  condition  affecting 
lnoa-9  is  the  general  inhibitory  effect  of  autoclaved  y©steigaar<fe 
sucrose-sorbose-apar  medium.   This  medium  results  in  lnoa-9 
colony-forming  efficiency  ranging  from  as  low  as  47  percent  to  as 
high  as  97  percent,  with  the  average  efficiency  being  from  80 
to  90  percent.  This  inhibition  has  been  alleviated  by  extending 
the  autoclavinp  time  of  the  media  from  15  to  30  minutes  (present 
study,  and  d©  Serres,  et  al.,  1962),  This  suggests  that  inhi- 
bition is  due  to  an  inadequate  carbon  source,  in  that  extended 
autoclavinp  increases  sucrose  hydrolysis,  producing  larger 
amounts  of  glucose  and  relieving  the  inhibition.  Such  Inhibition 
of  normal  strains  can  be  attributed  to  Inadequate  carbon  levels 
due  to  ineffective  sucrose  hydrolysis  (in  agreement  with  de 
Serres,  et  al.,  1962). 

On  the  other  hand,  the  factors  affecting  lnos-8  are  muc' 
more  numerous  than  those  affecting  lnos-9  and  not  nearly  as 
straightforward  in  terms  of  Interpretation.   Such  factors  are 
considered  below. 

1.  The  general  inhibitory  effect  of  V.'estergaard's  0.1  per- 
cent sucrose-one  percent  sorbose-two  percent  agar  medium  reduced 
lnos-8* s  colony-forminp  efficiency  to  less  than  one  percent 
(Table  1).   This  inhibitory  effect  may  be  attributed  to  either 
or  both  of  the  two  hypotheses.   All  other  experiments  have  been 
designed  in  an  attempt  to  establish  a  distinction  between  the 
two  interpretations  based  upon  this  original  finding* 
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2.  The  colony- forming  efficiency  of  lnos-8  on  sucrose- 
sorbose-agar  medium  can  be  raised  to  nearly  100  percent  by  in- 
creasing the  sucrose  level  from  the  standard  0.1  percent  to  one 
percent  {Fig.  1).   This  finding  very  strongly  supports  the 
non-availability  theory,  and  suggests  that  by  simply  increasing 
the  amount  of  sucrose  available  for  hydrolysis,  increased  amounts 
of  hydrolytic  products  become  available  and  l,nos-8  is  able  to 
function  normally. 

3.  Reduction  of  sorbose  in  sucrose-sorbose-agar  Dedium  from 
the  normal  one  percent  to  0.25  percent  relieved  lnos-8  Inhibition 
(Fig.  2),   lnos-8  was  fully  capable  of  utilizing  Westergaard's 
medium  containing  0.1  percent  sucrose  and  two  percent  agar  when 
llmitlng-lnositol  was  used  to  restrict  growth  instead  of  sorbose. 
These  results  suggest  that  0.1  percent  sucrose  provides  suffi- 
cient hydrolytic  products  to  efficiently  support  lnos-8  colony 
formation  in  the  absence  of  sorbose.  Addition  of  one  percent 
sorbose  imposes  new  restrictions  and  inos-8  can  no  longer  utilize 
0.1  percent  sucrose,  which  supports  the  hypothesis  of  the  forma- 
tion of  an  actual  inhibitory  substance.  The  addition  of  one  per- 
cent sorbose  may  also  supply  the  missing  element  In  the  sucrose- 
sorbose-agar  triad  necessary  to  cause  alteration  of  the  sucrose 
hydrolysis  products  30  that  they  become  inaccessible  to  inos-8. 

4.  Preparation  of  the  medium  with  separate  autoclavlng  of 
the  agar  resulted  in  inos-8  colony-forming  efficiency  approaching 
100  percent  (Table  1).   This  suggests  rather  strongly  that  there 
is  a  rucrose-sorbose-agar  complex  whioh  is  inhibitory  to  lnos-8. 


43 


None  of  these  substances  Is  detrimental  In  Itself,  and  the  overall 
Inhibition  can  be  relieved  by  separate  autoclaving  of  the  agar. 
However,  these  results  might  alio  Indicate  that  tbe  hydrolysis 
products  of  sucrose  autoclaved  with  sorbose  and  agar  are  merely 
altered  in  some  slight  manner  so  as  to  be  non-utilizable  by 
inos-8. 

5.  inos-3  has  the  same  sensitivity  (colony-forming  effi- 
ciency greatly  reduced)  to  agar  dialysate  or  agar  supernatent 
autoclaved  with  the  salts-eucrose- sorbose  separately  from  the 
agar  as  it  does  to  whole  agar  autoclaved  with  salts-sorbose-aicrose 
(Tables  2  and  3).  These  results  indicate  that  there  is  a  soluble 
and  dialyzable  portion  of  the  agar  which  is  capable  of  causing 
the  same  inhibition  as  whole  agar,  or  perhaps  once  agar  is  auto- 
claved, the  same  dialyzable  inhibitory  product  is  formed  as  a  re- 
sult of  autoclavlng. 

6.  One  mg.  of  heparin  per  ml.  of  media  autoclaved  with 
salts-sucrose-sorbose  separately  from  the  agar  is  inhibitory  to 
inos-8  (Table  4).   inos-8  is  not  affected  by  the  same  media  in 
which  the  salts-sorbose-sucrose  is  autoclaved  separately  from 
Inhibitory  levels  of  heparin  plus  agar.  This  suggests  that  it 
is  the  sulfated-polysaccharide  nature  of  agar  which  is  responsi- 
ble for  the  role  exerted  by  agar  in  the  inhibitory  effect. 

7.  inos-8  is  sensitive  under  certain  conditions  to  the 
sodium  citrate  and  ammonium  tartrate  components  of  Vogel's  and 
Fries'  media  as  well  as  to  sodium  acetate  and  sodium  succinate, 
even  when  these  salts  were  autoclaved  separately  from  the  agar 


hh 


(Table  7).  Inhibition  can  be  relieved  by  autoclaving  these  sub- 
stances with  the  agar  separately  from  salts-sucrose-sorbose  por- 
tion of  the  media*  These  substances  mimic  the  agar  effect  in 
every  aspect,  but  their  identification  with  the  ehamical  struc- 
ture of  agar  has  not  been  established*  These  data  suggest  a 
possibly  wider  area  of  inhibition  than  has  been  so  far  investi- 
gated , 

8,  inos-6  cannot  utilize  media  in  which  the  sucrose  was 
filter-sterilized,  autoclaved  in  water,  or  autoclaved  alone  with 
agar  in  water  (Table  9).  This  is  in  agreement  with  de  Serres, 
et  al.  (1962)  that  sucrose  must  first  be  hydrolyzed  to  glucose 
and  fructose  before  it  can  be  utilized  in  sucrose- sorbose-agar 
media, 

9«  The  colony-forming  efficiency  of  inos-8  is  nearly  100 
percent  when  0.05  percent  glucose  is  substituted  for  0.1  percent 
sucrose  in  Westergaard's  glucose-sorbose-agar  medium  (Table  8). 
Such  efficiency  was  unaltered  by  separate  autoclaving  of  the 
agar.  Neither  the  addition  of  fructose  nor  the  addition  of  su- 
crose to  glucose-sorbose-agar  medium  was  instrumental  in  decreas- 
ing the  response  of  inos-8  to  rlucose- sorbose-agar  medium.   These 
data  strongly  support  the  non-availability  theory.  Were  there 
some  Inhibitory  subBtance  formed  during  sucrose- sorbose-agar 
autoclaving,  one  would  expect  that  the  colony-forming  efficiency 
of  inos-8  would  be  appreciably  reduced  on  that  medium,  even  when 
glucose  was  added.   The  fact  that  the  addition  of  glucose  com- 
pletely relieved  inos-8  inhibition  on  any  otherwise- inhibitory 
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medium  suggests  that  the  Inhibitory  effect  is  due  to  the  absence 
of  sufficient  sugars. 

10.  Autoclaving  sucrose-sorbose-agar  media  for  30  minutes 

at  18  lb.  pressure  did  not  increase  inqs-Q's  colony-forming  effi- 
ciency over  that  obtained  with  the  same  media  autoclaved  for  15 
minutes  at  18  lb.  pressure  (p.  26).   This  suggests  that  increas- 
ed hydrolysis  of  sucrose  is  ineffective  in  relieving  inhibition 
and  indicates  rather  strongly  the  formation  of  an  inhibitory 
substance.   The  possibility  that  even  increased  amounts  of  su- 
crose hydrolysis  products  if  some  way  altered  may  be  non-utQi?able 
by  inos-8  cannot  be  overlooked. 

11.  When  salts-sucrose-sorbose  medium  was  autoclaved  for  15 
minutes  at  18  lb.  pressure,  followed  by  the  addition  of  two  per- 
cent agar,  and  a  second  autoclaving  at  18  lb,  pressure  for  15 
minutes,  the  inos-8  colony-forming  efficiency  was  somewhat  higher 
than  it  was  on  medium  in  which  the  salts-sucrose-sorbose  portion 
of  the  medium  had  been  autoclaved  entirely  separately  from  the 
agar  (p.  25).  These  results  are  attributed  to  the  non- availability 
of  sugars,  mainly  because  the  results  oppose  those  expected  from 
an  Inhibitory  substance.  Once  suorose-sorbose  has  been  autoclav- 
ed in  the  absence  of  agar  and  sufficient  hydrolysis  products  re- 
leased, further  autoclaving  in  the  presence  of  agar  actually 
somewhat  increases  lnos-8  colony-forming  efficiency  over  that  in 
which  the  salts-sucrose-sorbose  portion  of  the  medium  had  been 
autoclaved  entirely  separately  from  the  agar. 

12.  Both  Westergaard's  salts  and  sorbose  af footed  the  hydro- 
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lysis  of  sucrose  so  that  sucrose  hydrolysis  products  became 
utilizable  by  inos-8  when  agar  was  autoclaved  separately  (Table 
9).  There  was  an  unexpected  decrease  in  inos-8  colony-forming 
efficiency  when  agar  was  autoclaved  with  sorbose  separately  from 
sucrose  and  salts.  The  affect  of  sorbose  upon  sucrose  hydrolysis 
might  be  explained  by  the  fact  that  sorbose  breaks  down  readily 
when  autoclaved.  These  sorbose  breakdown  products  could  con- 
ceivably be  acid  in  nature,  and  the  acid  environment  could  result 
in  rather  rapid  sucrose  hydrolysis.  The  acidic  nature  of 
¥estergaard ' s  salts  solution  is  undoubtedly  responsible  for  its 
ability  to  cause  hydrolysis  of  sucrose.  The  sorbose-agar  inter- 
action remains  unexplained. 

13.  inos-8  conldia  incubated  in  sucrose-sorbose  and  glucose- 
sorbose  liquid  M4ia  for  periods  up  to  48  hours  became  increas- 
ingly capable  of  continuing  growth  to  form  a  colony  when  trans- 
ferred to  sucrose-sorbose-agar  medium,  the  colony-forming  effi- 
ciency being  proportional  to  the  incubation  time  in  liquid  media, 
following  a  14-hour  lag  (Fig.  5).  This  is  evidence  in  support 
of  the  inhibitory  substance  hypothesis.  Once  the  surface  area 
of  a  potential  colony  has  been  increased  by  conldial  germination 
and  repeated  branching  of  the  roycelia  to  a  certain  point,  the 
inhibitory  substance  is  no  longer  capable  of  affecting  all  the 
reactive  sites  to  prevent  further  development,  and  the  organism 
continues  growth  to  form  a  colony.  Sufficient  utilizable  sugars 
must  be  present  in  the  sucrose-sorbose-agar  medium  to  support 
continued  metabolism  and  growth,  although  it  is  not  entirely 
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impossible  that  germinating  l.nos-8  conitfia  may  have  absorbed 
sufficient  utilizable  sugars  from  the  liquid  media  to  enable  them 
to  continue  growth  on  an  otherwise  inhibitory  sue rose- sorbose- agar 
medium.  This  possibility  requires  further  study. 

14.  When  the  number  of  lnos-8  conldla  plated  on  sucrose- 
sorbose-agar  plates  was  Increased  to  the  thousands,  colony-forming 
efficiency  was  significantly  increased  in  comparison  to  corre- 
sponding rlucose-sorboBe-agar  counts  {p.  34).  This  line  of  evi- 
dence need3  better  data,  but  those  available  implicitly  imply  the 
presence  of  an  inhibitory  substance  with  a  finite  saturation 
level,  and  the  presence  of  sufficient  utilizable  carbon  sources 
in  the  sucrose-sorbose-agar  media  to  support  colony  formation. 

As  has  been  constantly  stressed  throughout  this  presentation, 
the  inhibitory  effect  is  one  inseparably  compounded  of  a  aucrose- 
sorbose-agar  interaction.  However,  certain  components  of  the 
agar  have  been  studied  separately,  and  the  effects  of  these  upon 
the  general  Inhibitory  effect  determined.  Kutant  strains  of 
roliovlrus  (Takemori  and  Nomura,  I960)  and  EMC  virus  (Takemoto 
and  Llebhaber,  1961)  have  been  Isolated  which  form  morphological- 
ly aberrant  plaques  when  overlayered  with  agar  medium.  The  in- 
hibitory portion  of  the  agar  has  been  partially  purified  and 
identified  as  a  non-dialyzable  sulfated  polysaccharide  by 
Takemoto  and  Llebhaber  (1961).  Heparin,  a  sulfated  polysaccha- 
ride, and  sulfated  polyglucose  were  also  found  by  these  workers 
to  be  inhibitory  to  Et'C  mutant  virua  when  incorporated  into  the 
media  at  the  same  concentration  as  agar  polysaccharide.  Heparin 
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In  much  higher  concentrations  was  also  Inhibitory  to  lnos~; , 
but  not  to  lnos-9.  The  principal  difference  between  the  Neurcspora 
and  virus  inhibition  ie  that  the  inhibitory  agar  portion  affect- 
ing  viruses  is  non-dlalyzable,  as  would  be  predicted  of  a  poly- 
saccharide, while  the  inhibitory  agar  component  affecting 
Heurospora  mutants  is  dialyzable*  Dialysis  of  agar,  however,  in 
no  way  decreased  the  inhibitory  effect  of  .that  same  dialyzed  agar 
when  it  was  autoclaved  and  incorporated  into  sucrose-sorbose-agar 
medium*  Not  to  be  ignored  Is  the  possibility  of  two  different 
substances*  in  commercial  agar  being  responsible  for  effecting 
inhibition  of  jnos-3;  one  dialyzable  and  perhaps  non-specific  in 
that  citrate,  tartrate,  acetate,  succinate,  and  possibly  an  even 
wider  range  of  compounds  are  capable  of  mimicking  it,  and  the 
other  non-dlalyzable  and  an  Integral  part  of  the  agar  structure, 
namely  the  sulfated  agar  polysaccharide  described  by  the  virus 
investigators  whose  effect  is  simulated  by  heparin. 

An  unexplained  agar  stimulation  of  normal  pollovlrus  strains 
has  been  reported  by  Talcemorl  and  Nomura  (I960)*  A  comparable 
stimulation  has  been  observed  in  this  study  with  low  concentra- 
tions of  agar  dialysate  and  heparin.  S  -v   explanation  of  this 
stimulation  remains  obscure,  but  it  is  interesting  to  postulate 
that  a  given  substance  may  be  Inhibitory  at  high  concentrations 
and  at  the  sane  time  be  beneficial  and  stimulatory  in  low  concen- 
tration* 

The  inheritance  of  the  mutant  ty;e  was  completely  straight- 
forward, in  the  examination  of  97  isolates  from  a  cross  of  3nos-8 
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x  £§S-£  SSH^  £&•  tne  progeny  segregating  111  for  mutant  and 
normal  phenotype.   In  a  cross  of  inos-8  x  pan-1  al-1,  £,  although 
the  pooled  ratio  of  normal  to  abnormal  progeny  was  ltl,  the  In- 
heritance within  the  four  nutritionally-deficient  types  was 
compounded  hy  other  factors.  It  is  possible  that  modifier  genes 
or  g-enes  with  eplstatic  action  may  also  have  been  segregating. 
The  fact  that  an  inos~8  cross  to  a  strain  with  markers  on  a 
separate  chromosome  ( pan-2 )  produced  progeny  which  segregated 
normally  sugge&ts  that  linkage  may  also  have  complicated  the 
analysis. 

The  final  decision  as  to  whether  the  inoc-8  inhibitory 
effect  is  a  result  of  inaccessibility  of  the  sucrose  hydrolysis 
products  or  is  in  fact  the  reflection  of  the  presence  of  an  In- 
hibitory substance  must,  unfortunately,  await  refined  experimen- 
tation. To  the  investigator  the  balance  at  present  is  somewhat 
tipped  In  favor  of  the  non-availability  interpretation.  There  is, 
however,  the  not  too  remote  possibility  that  both  hypotheses  may 
be  correct,  and  that  certain  conditions  merely  produce  effects 
which  lend  themselves  more  readily  to  interpretation  by  one  hypo* 
thesis  than  the  other.  There  are  also  many  experiments  which 
defy  explanation  by  one  Interpretation  to  the  exclusion  of  the 
other.  Hopefully  further  experimentation  will  succeed  in  provid- 
ing the  answer. 
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One  of  the  most  useful  experimental  techniques  available  to 
the  Neurospora  geneticist  involves  a  method  now  routinely  used 
which  induces  colonization  of  Neurospora  mycelia.   It  is  the 
supplementation  of  the  regular  synthetic  medium  with  0,1  percent 
sucrose  and  one  percent  sorbose  which  induces  colony  formation 
and  thereby  facilitates  the  use  of  bacteriological  plating  pro- 
cedures in  the  study  of  fungi.   Recently,  a  unique  mutant  strain 
has  been  isolated  which  is  characterized  by  the  failure  of  its 
conidia  to  germinate  and  form  colonies  on  standard  plating  medium. 
Oddly  enough,  this  inhibition  of  growth  on  routine  medium  can  be 
relieved  simply  by  the  substitution  of  0,02  percent  rlucose  for 
the  0,1  percent  sucrose, 

Further  examination  of  the  inhibitory  effect,  the  Inability 
of  certain  strains  to  form  conidial  colonies  on  sucrose-sorbose- 
agar  medium,  revealed  that  many  experimental  conditions  were 
capable  of  altering  the  colony-forming  efficiency  of  the  mutant 
strain.  As  long  as  sucrose,  sorbose,  and  agar  were  present  in 
the  specified  proportions  and  all  autoclaved  together,  the  mutant 
inhibitory  effect  could  not  be  relieved.   Relief  of  inhibition 
could  be  accomplished  by  raising  the  sucrose  level  to  one  percent, 
decreasing  sorbose  to  0.25  percent,  or  decreasing  agar  to  zero. 
Also,  separate  autoclavinr  of  the  agar  from  salts-sucrose-sorbose 
followed  by  combining  of  the  two  after  autoclaving  was  effective 
in  relieving  inhibition.  A  component  of  the  agar  which  was 
water-soluble  and  dlalyzable  and  which  could  be  isolated  by 


chromatographic  procedures  was  also  shown  to  effect  inhibition, 
in  much  the  same  manner  as  whole  agar.   Heparin,  which  like  agar 
is  a  sulfated  polysaccharide,  was  found  to  simulate  the  agar  ef- 
fect, as  were  other  substances  such  as  sodium  citrate  and  ammoni- 
um tartrate  characterized  by  their  common  possession  of  carboxyl 
end-groups. 

The  fact  that  whenever  glucose  was  added  to  the  medium 
Inhibition  was  relieved  suggests  that  the  inhibitory  effect  is  due 
to  the  non-availability  of  sufficient  carbon  sources  from  sucrose 
to  support  mutant  colony-formation.   However,  when  sue rose- sorbose- 
agar  medium  was  inoculated  with  conidia  of  the  mutant  type  which 
had  germinated  and  begun  to  grow  in  liquid  medium,  these  germi- 
nated conidia  were  capable  of  continuing  growth  on  the  inhibitory 
medium  to  form  colonies.  Such  findings  cannoo  be  adequately  ex- 
plained by  the  non-availability  postulate,  but  suggest  that  the 
inhibitory  effect  is  due  to  the  presence  of  a  finite  amount  of 
an  inhibitory  substance,  and  that  the  increased  surface  area  of 
germinated  conidia  exposed  to  this  substance  results  in  certain 
growing  sites'  retaining  their  growth  capability,  and  utilizing 
carbon  sources  which  are  available  in  the  sucrose-sorbose-agar 
medium  to  continue  growth.  Additional  experiments  designed  to 
distinguish  between  these  two  hypotheses  have  failed  to  produce 
sufficient  evidence  to  warrant  a  clear-cut  decision  as  to  whether 
the  inhibition  is  a  result  of  non-availability  of  sugars  or  a 
result  of  the  formation  of  a  separate  Inhibitory  substance. 

The  mutant  phenotype  is  ex;  ressed  only  under  conditions 


imposed  by  the  presence  of  sorbose  in  the  medium.  Sorbose  is 
known  to  induce  colony  formation  by  a  structural  alteration  of 
the  cell  wall.   Therefore  it  seeme  probable  that  the  mutant 
phenotype  is  an  expression  of  the  interaction  between  the  in- 
ability of  the  cell  wall  to  function  normally  and  the  presence 
of  sucrose  and  agar  in  the  medium. 

The  genetic  basis  of  the  mutant  phenotype  lias  been  estab- 
lished.  In  certain  crosses,  the  progeny  segregate  one  to   one  for 
mutant  and  normal  types,  indicating  a  single  gene  difference. 
Analysis  of  the  progeny  of  other  crosses  suggests  the  presence 
of  other  genetic  factors  which  may  Interact  with  the  mutant  gene 
to  distort  the  segregation  pattern. 


